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TPMQim WPCRQSIS FACTOR BIWPIWff MgWPS 
This is a continuation-in-part of application 
Serial No 07/828,956 filed 7 August 1990^ the disclosure 
of which is incorporated herein by cross-reference. 
5 Field of the Invention 

The present invention relates to ligands which bind 
to human tumour necrosis factor alpha (TNF) in a manner 
such that upon binding the biological activity of TNF is 
modified. The type of modification shown here is distinct 
10 from previous descriptions of antibodies which bind to TNF 
alpha and inhibit all TNF alpha activity. The new 
discovery shows how the different activities of TNF alpha 
can be selectively inhibited or enhanced. In addition^ 
the present invention relates to a composition comprising 
15 a molecule bound to TNF and to methods of therapy 
utilising TNF and molecules active against TNF. 
Background of the Invention 

Tumor necrosis factor alpha (TNF) is a product of 
activated macrophages first observed in the serum of 
20 experimental animals presensitized with Bacillus 

Calmette-Guerin or Corynebacterium oarvum and challenged 
with endotoxin (LPS). Following the eyatematic 
administration of TNP haemorrhagic necrosis was observed 
in some transplantal^le tumours o£ nice while in vitro THF 
25 caused cytolytic or cytostatic effects on tumour cell 
lines. 

In addition to its host-protective effect, TNF has 
been implicated as the causative agent of pathological 
changes in septicemia, cachexia and cerebral malaria. 

30 Passive immunization of mice with a polyclonal rabbit 
serum against TMF has been shown to protect mice against 
the lethal effects of LPS endotoxin, the initiating agent 
of toxic shock, when administered prior to infection. 

The gene encoding TNF has been cloned allowing the 

35 usefulness of this monokine as a potential cancer therapy 
agent to be assessed. While TNF infueion into cancer 
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patients in stage 1 clinical trials has result d in tumour 
regression, side-effects such as thjcombocytopa nia, 
lymphocytopaenia, hepato toxicity, renal impairment and 
hypertension have also been reported. These quite 
significant side-effects associated with the clinical use 
of TNF are predictable In view of the many known effects 
of TNF/ some of which are listed in Table 1. 

TAfiLE_l 
RTOLOGICAL ACTIVITIES OF TNF 

-ANT I -TUMOUR 
-ANTI-VIRAL 
-ANTI -PARASITE 

FUNCTION 

cytotoxic action on tumour cells 
pyrogenic activity 
angiogenic activity 
inhibition of lipoprotein lipase 
activation of neutrophils 
osteoclast: activation 

- induction of endothelial/ monocyte and tumour cell 
procoagttlont activity 

induction of surface antigens on. endothelial cells 

induction o£ IL-6 

induction o£, c-n^ and 'c-£ds 

induction o£ E6F -receptor 

induction o£ IL-1 

induction o£ THF synthesis 

induction o£ GK-CSF synthesis 

Increased prostaglandin and collagenase synthesis 
induction of acute phase protein C3 

Of particular importance is the activation of 
coagulation tdiich occurs as a consequence o£ THF 
activation of endothelium and also peripheral blood 
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monocytes. Oiseemlnated intravascular coagulation is 
associated with toxic shock and many cancers including 
gastro-intestinal cancer^ cancer of the pancreas, 
prostate, lung, breast and ovary, melanoma, acute 
5 leukaemia, myeloma, myeloproliferative syndrome and 
myeloblastic leukaemia. Clearly modifications of TNF 
activity such that tumour regression activity remains 
intact but other undesirable effects such as activation of 
coagulation are removed or masked would lead to a more 
10 advantageous cancer therapy, while complete abrogation of 
TNF activity is sought for successful treatment of toxic 
shock. 

Segregation of hormonal activity through the use, of 
site-specific antibodies (both polyclonal and monoclonal) 
15 can result in enhanced homonal activity (Aston et al, 
1989/ Mol. Immunol. 2£.f 4 35). To date few attempts have 
been made to assign antigenicity or function to particular 
regions of the TNF molecule for which the 
three-dimensional structure is now known. Assignment of 
20 function to such regions would permit the development of 
MAbs and other Uganda of therapeutic ^ee, Polyclonal 
antibodies to amino acids 1 to IS havd been reported to 
block Hela IU9 cell receptor binding by TNF (Socher et al^ 
1987, PKAS M/ 8829) whilst monoclonal antibodies 
25 recognising undefined conformational epitopes on THF have 
been sho%m to inhibit TNF cytotoxicity in vitro (Bringman 
and Aggarwal, 1987, Hybrldoma £, 489) « However, the 
effects of these antibodies on other TNF activities is . 
unknown. 

io l?flggriptjfin of the Pregent Inventtgn 

The present inventors have produced panels of 
monoclonal antibodies active against human TNF and have 
characterised them with respect to th ir effects on the 
antiotumour effect of TNF (both in vitro and In vivo), TNF 

35 receptor binding, activation of c agulation (both In vitro 
and In vivo) and defined th ir topographic ep.eificltiee. 
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Thifl approach has led the inventors to show that different 
topographic regions of TNF alpha are associated with 
different activities. Therefore the inventors enable the 
identification of antibodies or ligands which selectively 
5 enhance or inhibit TNF alpha activity, thereby providing 
for improved therapeutic agents and regimes including TNF 
alpha. 

In a first aspect the present invention consists in 
a ligand capable of binding to human TNF, the ligand being 
10 characterised in that when it binds to TNF the following 
biological activities of the TNF are inhibited:-. 

1. Tumour regression; 

2. Induction of endothelial procoagulant j 

3. Induction of tumour fibrin deposition; 
15 4. Cytotoxicity; and 

S. Receptor binding. 

In a preferred embodiment of all aspects the present 
invention the ligand is selected from the group consisting 
of antibodies, F(ab) fragments, restructured antibodies 

20 (CDR grafted humanised antibodies) single domain 

.antibodies (xlAbs), single chain antibodies, serum binding 
proteins/ receptors and natural inhibitors « The ligand 
nay also be a protei^n or peptide vhich has been 
syntheslsed and vhich Is oiialogotts to one of the foregoing 

25 fragiients. Hotraver, it is presently preferred' that the 
ligand is a monoclonal antibody or F(ab) fragment thereof. 

In a second aspect the present Invention consists in 
a ligand capable of binding to human TKFt the ligand being 
characterized in that when it binds to TMF the induction 

30 of endothelial procoagulant, tumour regression, induction 
of tumour fibrin deposition, cytotoxicity and r^eceptor 
binding activities of the TMF are inhibited, the ligand 
binding to the TKF such that the epitope of the TMF 
defined by th topographic regions of residues 1-18, 

35 S8-6S, 11S-12S and or the topographic regi n of 

residues 1-18, 108-128, or the topograptjiio region of 
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residues 56-79, 110-127 and 13S-1SS is substantially 
prevented from binding to naturally occurring biologically 
active ligands • 

In a third aspect the present invention consists in 
5 a ligand which binds to human TNF in at least two regions 
selected from the group consisting predominantly of the 
topographic region of residues 1-20, the topographic 
region of residues 56-77, the topographic region of 
residues 108-127 and the topographic region of residues 
10 138-149. 

In a preferred embodiment of the third aspect of the 
present invention the ligand binds to human TNF in the 
topographic regions of residues 1-18, 58-65, 115-125 and 
138-149- Such sequence regions are topographically 

IS represented in Fig. 23 « 

In a further preferred embodiment of the third 
aspect of the present invention the ligand binds to human 
TNF in the topographic regions of residues 1-18 and 
108-128. Such sequence regions are topographically 

20 , represented in Flg« 24. 

In a further preferred embodiment of the second 
aspect of the present invention the ligand binds to human 
TNF In the topographic regions of residues S6-79, 110-127 
and 136-isS« Suohi sequence regions are topographically 

25 represented in Fig. 2S« 

In a portlcularXy pi^ferred enbadinent o£ the first, 
second and third aspects of the present invention the 
ligand is a ndnoclonal antibody selected from the group 
consisting of the inohoclonal antibodies designated KAb. 1« 

30 KAb 47 and KM) 54. Samples of the hybridoma cell lines 
which produce KAb 1, KAb 54 and KAb 47 have been deposited 
with the European Collection of Animal Cell Cultures 
(ECACC), Vaccine Res arch and Production Laboratory, 
Public Health Laboratory Service, Centre f r Applied 

35 Kicrobiol gy and Res arch, P cton Down, Salisbury, 

Kiltsbir SP4 0J(^, United Kingdom. KAb 1 was deposited on 
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3 August 1989 And accorded accession No. 89080301; MAb 54 
was deposited on 31 August 1989 and accorded accession No. 
89083103; MAb 47 was deposited on 14 December 1989 and 
accorded accession No. 89121402. 
5 In a fourth aspect the present invention consists in 

a composition comprising TNF in combination with the 
ligand of the first, second or third aspect of the present 
invention, characterised in that the ligand is bound to 
the TNF. 

10 In a fifth aspect the present invention consists in 

a method of treating toxic shock comprising administering 
either the ligand of the first, second or third aspect of 
the present invention or the composition of the fourth 
aspect of the present invention. 

15 In a sixth aspect the present Invention consists in 

a ligand capable of binding to human TNF/ the ligand being 
characterised in that when it binds to TNF the induction 
of endothelial procoagulant activity of the TNF is 
Inhibited; binding of TNF to receptors on endothelial 

20 cells is inhibited; the induction of ttimour fibrin 

deposition and tumour regression activities of the TNF are 
enhanced; the cytotoxicity is unaffected and tumour 
receptor binding activities of the TNF are unaffected or 
enhanced* 

25 In a seventh aspect the present inventldn consists 

in a ligand capable of binding to human TNF/ the ligand 
being characterised in ttiat-vrhen it binds to TNF the 
induction of endothelial procoagulant activity of the TNF 
is inhibited; the binding of the TNF to receptors on 

30 endothelial cells is inhibited/ the induction of ttunour 
fibrin deposition and tumour regression activities of the 
THF are enhanced; and the cytotoxicity and receptor 
binding activities of the TNF are unaffect d; th ligand 
binding to the TNF such that the pit pe of th TNF 

35 d fined by th topographic r gi ns of residu s 1-30/ 
117-128 and 141- IS 3 is substantially prevented from 
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' binding to naturally occurring biologically active 
ligands. 

In an eighth aspect the present invention consists 
of a ligand which binds to human TNF in the topographic 
5 regions of residues 1-30, 117-128 and 141-153. 

In a preferred embodiment of the eighth aspect of 
the present invention the ligand binds to human TNF in the 
topographic regions of residues 1-26, 117-128 and 141-153.* 
Such sequence regions are topographically represented in 
10 Fig. 26. 

In a preferred embodiment of the sixth, seventh and 
eighth aspects of the present invention the ligand is the 
monoclonal antibody designated HAb .32. A sample of the 
hybridoma producing MAb 32 was deposited with The European 
15 Collection of Animal Cell Cultures (ECACC), Vaccine 
Research and Production Laboratory, Public Health 
Laboratory Sexrvice, Centre for Applied Uicrobiology and 
Research, Porton Oo%m, Salisbury, Wiltshire SP4 OJG, 
United Kingdom on 3 August 1989 and was accorded accession 
20 No. 89080302. 

In a. ninth aspect the {)re8ent invention consists in 
a composition coinprislng THF in combination with a ligand 
of the sixth/ seventh or eighth aspects o£ the present 
invention characterised in that the ligand is-bonnd to 
25 THF. No previous documentation o£ administering KAbs with 
THF in order to modify activity o£ the administered 
cytokine exists. 

In a tenth aspect the present invention consists in 
a. method of treating tumours the gro%rth of which is 
30 inhibited by TKF, comprising administering either the 
ligand of the sixth, seventh or eighth aspects of the 
present invention or the composition of the ninth aspect 
of the present invention. 

In an eleventh aspect the pres nt invention consists 
3S in a ligand which binds to c sidues 1-18 of human THF 
(peptid 301) . 
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In a twelfth aspect the present invention consists 
in a ligand capable of binding to human TNF/ the ligand 
being characterized in that when it binds to TNF the 
induction of endothelial procoagulant activity of the TNF 
5 is inhibited; the binding of TNF to receptors on 

endothelial cells is inhibited? the induction of tumour 
fibrin deposition and tumour regression activities of the 
TNF are enhanced; the cytotoxicity of the TNF are 
unaffected and tumour receptor binding activities of the 
10 TNF are unaffected or enhanced, the ligand binding to TNF 
such that the epitope of the TNF defined by the 
topographic region of residues 1-18 is substantially 
prevented from binding to naturally occurring biologically 

active ligands. 

15 In a thirteenth aspect the present invention 

consists in a composition comprising TNF in combination 
with a ligand of the eleventh or twelfth aspects of the 
present invention characterized in that the ligand is 
bdund to the 1?iHF. 

20 • In a fourteenth aspect the present invention 

cdneiots in a method of treating tumours the growth of 
which la inhibited by TMF, compriaLng administering either 
the ligand of the eleventh or twelfth aspect of the 
present , invention or the composition of the thirteenth 

25 aspect of the present invention. 

In a fifteenth aspect the present invention consists 
in a ligand capable of binding to human TNF, the ligand 
being characterised in that when it binds to TMP the 
cytotoxicity and tumour regression activities of the THP 

30 are unaffected? the induction of endothelial procoa^lant 
and induction of tumour fibrin deposition activities of 
the TMF are inhibited and receptor binding activities of 
the THF are unaffected. 

In a sixteenth aspect the pr sent inv ntion c nsists 

35 in a ligand capable o£ binding to human TMP, the ligand 
b ing characteri* d tn that when it binds to THF the 
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cytotoxicity and tumour regression activies of the TNF are 
unaffected; the induction of endothelial procoagulant and 
induction of tumour fibrin deposition activities of the 
TNF are inhibited and the tumour receptor binding 
5 activities of the TNF are unaffected, the ligand binding 
to TNF such that the epitope of the TNF defined by the 
topographic regions of residues 22-40, 49-97, 110-127 and 
136-153 is substantially prevented from binding to 
naturally occurring biologically active ligands. 
10 In a seventeenth aspect the present invention 

consists in a ligand which binds to human TNF in the 
topographic regions of residues 22-40, 49-97, 110-127 and 
136-153. Such sequence regions are topographically . 
represented in Fig. 27. 
IS In a preferred embodiment of the seventeenth aspect 

of the present invention the ligand binds to human TNF in 
the topographic regions of residues 22-40, 49-96, 110-127 
and 136-153. These regions being proximate in the 30 
structure of TNF alpha. 
20 In a preferred embodiment of the fifteenth, 

sixteenth and seventeenth aspects of the present invention 
the ligand is the monoclonal antibody designated HAb 42. 
A sample o£ thd hybridoiaa cell line producing HAb 42 was 
deposited with The European Collection o£ Animal Cell 
25 Cultures (ECACC), Vaccine Research and Production 

Laboratory, Public Health Laboratory Service, Centre for 
Applied Hicrobiology and Research, Forton Down, Salisbury, 
Hiitshire SP4 OJG, United Kingdom on 3 August 1989 and was 
accorded accession Ho. 8908(9304 « 
30 In an eighteenth aspect the present invention 

consists in a composition comprising THF in combination 
with the ligand of the fifteenth, sixteenth or seventeenth 
aspects of the present invention, characterised in that 
the ligand is bound to the TNF« 
35 . In a ninete nth aspect the pr sent invention 

consists in a method of tr ating tumours Inhibited by the 
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action of TNF comprising administering the iigand o£ the 
fift enth, sixteenth or seventeenth aspects of the present 
invention or the composition of the eighteenth aspect of 
the present invention. 
5 In a twentieth aspect the present invention consists 

in a iigand capable of binding to human TNF, the iigand 
being characterised in that when it binds to TNF the 
tumour fibrin deposition activity of the TNF is enhanced; 
the induction of endothelial procoagulant activity of the 
10 TNF is unaffected and the cytotoxicity, tumour regression 
and receptor binding activities of the TNF are inhibited. 

In a twenty- first aspect the present invention 
consists in a Iigand capable of binding to human TNF, the 
Iigand being characterized in that when it binds to TNF 
15 the ttimour fibrin deposition activity of the TNF is 
enhancied; the induction of endothelial procoagulant 
activity of the TNF is unaffected and the cytotoxicity, 
tumour regression and tumour receptor binding activities 
of the TNF are inhibited, the Iigand binding to TNF such 
20 that the epitope of the TNF defined by the topographic 
regions of residues 12-22, 36-45, 96-105 and 132-157 is 
substantially prevented from binding to naturally 
occurring biologically active Uganda. 

In a tMonty-second aspect the present Invention 
25 c nslsts In a Ilgaiid which binds to human THP Ih the 

topographic regions of residues 12-22, 36-45, 96-105 and 
132«1S7« These regions are 'proximate In the 30 structure 
of TKF and are topographically represented in Fig. 28. 
in a' preferred embodiment of the twentieth, 
30 twenty-first and twenty-second aspects of the present 

Invention the iigand Is the monoclonal antibody designated 
HAb 25. A sample of the hybrldoma cell line producing MAb 
« 25 was d posit d with the European Collection of Animal 
Cell Cultur s (CCACC), Vaccine Research and Product! n 
J5 Laboratory, Public Health Laborat ry Service, Centr £ r 
Appll d Kloroblology and Res arch, Poirtoft Ooim, Salisbury, 



Kiltshire SP4 OJG, United Kingdom on 14 Dec rober 1989 and 
vras accorded accession No. 89121401. 

In a twenty-third aspect the present invention 
consists in a ligand capable of binding to human TNF, the 
ligand being characterised in that when it binds to TNF 
the tumour fibrin deposition activity of the TNF is 
enhanced and the cytotoxic ity^ tumour regression, 
induction of endothelial procoagulant and receptor binding 
activities of the TNF are inhibited. 

In a twenty- fourth aspect the present invention 
consists in a ligand capable of binding to human TNF, the 
ligand being characterized in that when it binds to TNF 
the tumour fibrin deposition activity of the TNF ic 
enhanced and the cytotoxicity, tumour regression, 
induction of endothelial procoagulant and tumour receptor 
binding activities of the TNF are inhibited, the ligand 
binding to the TNF such that the epitope of the TNF 
defined by the topographic regions of residues 1-20 and 
76-90 is siibstantlally prevented from binding to naturally 
occurring biologically active llgands* 

In a twenty-fifth aspect the present invention 
consists In a ligand which binds to human TNF in the 
topographic regions o£ residues 1-20 «md 76-90 « These 
regions ore proxinate in the 30 structure of THE' and are 
topographically represented in Fig. 29 « * 

In a prefexrred embodiment of the twenty-fifth aspect 
of the present invention the ligand binds to TNF in the 
topographic regions of residues 1-18 and 76-90 « 

In a preferred embodiment o£ the twenty-third^ 
twenty-fourth and twenty-fifth aspects o£ the present 
invention the ligand is the laonoclonal antibody designated 
HAb 21. A sample of the hybridoma cell line producing 
KAb 21 was d posited with the Gurop an Collection o£ 
Animal C 11 Cultures (CCACC), Vaccine Research and 
Product! n Laboratory, public Health Laboratory Service/ 
Centre £or Applied Hicrobiology and Research, P rton 0 vm. 
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Salisbury, Wiltshire SP4 0J6, United Kingdom on 

2S January 19*90 and was accorded accession No. 90012432. 

In a twenty-sixth aspect the present invention 
consists in a ligand capable of binding to human TNF, the 
5 ligand being characterised in that when it binds to TNF 
the fibrin deposition activity of the TNF is unaffected 
and the cytotoxicity/ tumour regression, induction of 
endothelial procoagulant and tumour receptor binding 
activities of the TNF are inhibited. 

10 In a twenty-seventh aspect the present invention 

consists in a ligand capable of binding to human TNF, the 
ligand being characterized in that when it binds to TNF 
the tumour fibrin deposition activity of the TNF is 
unaffected and the cytotoxicity, tumour regression, 

15 induction of endothelial procoagulant and receptor binding 
activities of the TNF are inhibited, the ligand binding to 
the TNF such that the epitope of the TNF defined by the 
topographic regions of residues 22-40, 69-97, 105-128 and 
13S-1SS is substantially prevented from binding to 

20 naturally occurring biologically active ligands • 

In a twenty-eighth aspect the present invention 
. consists in a ligand which binds to human TNF in the 
topographic regionar of residues 22-40, 69-97/ 105-128 and 
13S-1SS. Theao regions are proxinate In thd 30 ctxnictut© 

25 of THF and are topographically represented in FX^; 30. 

In a preferred embodiment of the twenty-sixth, 
twenty-seventh and twenty-eighth aspects of the present 
invention the ligand is the monoclonal antibody designated 
. KAb S3. A sample of the hybridoma cell line producing 

30 MAb S3 was deposited with the European Collection of 
Animal Cell Cultures (ECACC), Vaccine Research and 
Production Laboratory, Public Health Laboratory Service, 
C ntre for Applied Microbiology and Research, Porton Down, 
Salisbury, Wiltshire SP< OJG, United Klngd m on 

35 25 January 1990 and was accorded acceselon Ho. 90012433. 



In a twenty-ninth aspect the present invention 
consists in a ligand capable of binding to human THF, the 
ligand being characterised in that when it binds to the 
TNF tumour fibrin deposition, induction of endothelial 
5 procoagulant, cytotoxicity, tumour regression and receptor 
binding activities of the TNF are unaffected. 

In a thirtieth aspect the present invention consists^ 
in a ligand capable of binding to human TNF, the ligand 
being characterised in that when it binds to TNF the 
10 tumour fibrin deposition, induction of endothelial 

procoagulant, cytotoxicity, tumour regression ^lnd receptor 
binding activities of the TNF are unaffected, the ligand 
binding to TNF such that the epitope of the TNF defined by 
the topographic regions of residues 22-31 and 146 - 157 
15 is substantially prevented from binding to naturally 
occurring biologically active ligands. 

In a thirty- first aspect the present invention 
consists in a ligand which binds to htunan TNF in the 
.topographic regions of residues 22-31 and 146-157. These 
20 regions are proximate in the 3D structure of TKF and are 
typographically represented in Pig. 31. 

. In a preferred embodiment of the twenty-ninth, 
thirtieth and thirty-f irct aspects of the present 
invention the ligand is the monoclonal antibody designated 
25 KAb 37, A soa^le o£ the hybridoaa cell lirie 'producing 
KAb 37 was deposited with the European Collection o£ 
Animal Cell Culttires (ECACC), Vaccine Research and 
Production Laboratory, Public Health Laboratory Service, 
Centre for Applied Microbiology and Research, Porton Oo%m, 
30 Salisbury, Wiltshire SP4 OJG, United Kingdom on 

3 August 1989 and was accorded accession Ho. 89080303. 

In a thirty-second aspect the present invention 
consists in a ligand capable of binding to human TKF, th 
ligand b ing oharact rised in that when it binds to THE 
35 tt^e induction of endothelial proc agulant activity of th 
TMF is unaffected and the cyt t xtcity, tumour r qt sston. 



14 



tiumour fibrin deposition, and receptor binding activities 
of the THF are inhibited. 

In a thirty-third aspect the present invention 
consists in a ligand capable of binding to human TNF^ the 
5 ligand being characterised in that when it binds to TNF 
the induction of endothelial procoagulant activity of the 
TNF is unaffected and the cytotoxicity^ tumour regression, 
tumour fibrin deposition and receptor binding activities 
of the TNF are inhibited, the ligand binding to the TNF * 
10 such that the epitope of the TNF defined by the 

. topographic regions of residues 22 - 40 and 49 - 98 is 
substantially prevented from binding to naturally 
occurring biologically active ligands. 

In a thirty- fourth aspect the present invention 
15 consists in a ligand which binds to human TNF in at least 
one of the regions selected from the group consisting of 
the topographic region of residues 22-40, the topographic 
region of residues 49-98 and the topographic region of 
residues 69-97. 
20 In a preferred embodiment o£ the thirty-fourth 

aspect of the present Invention the ligand binds to human 
TNF In the topographical region o£ residues 49-98. This 
region lis topographically reptdsented In Fig. 32. 
In a further prof errcid enbodlnent o£ the - 
25 thirty- fourth aspect of the present Invention. the ligand 
binds to human TNF In *he topographic regions of residues 
22-40 and 70-67. These regions are proximate In the 3D 
stxructure of TNF and are topographically represented in 
Fig. 33. 

30 In a preferred embodiment of the thirty-second, 

thirty- third and thirty- fourth aspects of the present 
invention the ligand is monoclonal antibody MAb 11 or 
KAb 12. 

In a thirty-fifth aspect the present invention 
J5 consists in a ligand capable of binding to human TNF, the 
ligand b Ing characterised In that when It binds to TNF 
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' the induction of endothelial procoagulant activity of the 
TNF is inhibited. 

In a thirty-sixth aspect the present invention 
consists in a ligand capable of binding to human TNF, the 
ligand being characterised in that when it binds to TNF 
the induction of endothelial procoagulant activity of the 
TNF is inhibited, the ligand binding to TNF such that the 
epitope of the TNF defined by the topographical region of ' 
residues 108 - 128 is prevented from binding to naturally 
occurring biologically active ligands. 

In a thirty-seventh aspect the present invention 
consists in a ligand which binds to human THF in the 
topographical region of residues 108 - 128. 

In a preferred embodiment of the thirty-fifth/ 
thirty^rsixth and thirty-seventh aspects of the present 
invention the ligand is selected from the group consisting 
of monoclonal antibodies diesignateid MAb 1, UAb 32, MAb 42, 
Mftb 47, KAb S3 and HAb S4. 

The biological activities of TNF referred to herein 
by the terms "Tumour Regression", "Induction of 
Endothelial Procoagulant", "Induction o£ Tumour- Fibrin 
Deposition", "Cytotoxicity" and "Receptor Binding" axre to 
be determined by the methods described below. 

The term ^single domain antibodies" as used herein 
Is used to denote those antibody fragments such as 
described In Hard et al (Hature, Vol. 341, 1989, 544 - 
S46) as suggested by these authors. 

In order that the nature of the present invention 
may be more clearly understood, preferred forms thereof 
will now be described with reference to the following 
example and accompanying figures in whicht- 

Fig. 1 shows the results of a titration assay with 
HAb 1 against TNF; 

Fig. 2 shows TNF HAb 1 scatchard plot and affinity 
d terminati n$ 
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Fig. 3 shows the effect of anti-TNF monoclonal 
antibodies I and 32 on TNF cytotoxicity in WEHI-164 cells; 

Fig. 4 shows the effect of MAb 1 on TNF-induced 
regression of a Meth A solid tumour; 

Fig. 5 shows the effect of MAbs 1 and 25 on 
TNF-induced Meth A Ascites tumour regression; 

Fig. 6 shows the effect of anti-TNF MAba on 
induction of endothelial cell procoagulant activity by . 
TNF; 

Fig. 7 shows incorporation of labelled fibrinogen 
into tumours of tumour-bearing mice and the effect of 
anti-TNF MAbs; 

Fig. 8 is a schematic representation of epitopes on 

TNF; 

Fig. 9 shows the effect of anti-TNF MAbs on 
TNF-induced regression of WEHI-164 tumours; 

Fig. 10 shows the enhancement of TNF regression 
activity by MAb 32 in two experiments; 

Fig. 11 shows the enhancement of TNF-induced tumour 
regression by KAb 32 - dose response at day 1 and day 2; 

Fig. 12 shows binding of radio labelled TKF to 
receptors on bovine aortic endothelial cells; 

Fig« 13 shows receptor binding studies of THF 
conplexed with KAb 32 ( ♦ ■■ ) / control antibody (—(3—) 
and kftb 47 (■ g - ) on melanoma cell liiie HtC4'I8E; 

Fig. 14 8ho%r8 receptor binding studies of THF 
complexed with KAb 32 ( ^ )/ control antibody (-£7—) 
and KAb 47 ( M ) on melanoma cell line I6R3| 

Fig. IS shows receptor binding studies of TNF 
complexed with KAb 32 ( f ), control antibody (— GJ— ) 
and KAb 47 ( M ') on bladder carcinoma cell line S637; 

Fig. 16 shows receptor binding studies of THF 
complexed with KAb 32 (^4 — J , control antibody (-{?- ) 
and KAb 47 (• M on breast carcinoma cell line HCF7; 
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Fig. 17 shows receptor binding studies of TNF 
coraplexed with MAb 32 ), control antibody ( — G>— ) 

and MAb 4 7 (— J|f~ ) on colon carcinoma ceil line BIO; 

Fig- 18 shows the effect on TNF-mediated tumour 
regression in vivo by MAb 32 ( A ) control MAb ( Q j 
and MAb 47 (*) ; 

Fig. 19 shows the effect on TNF-raediated tumour 
regression in vivo by control MAb^ MAb 32 and univalent 
FAb' fragments of MAb 32; 

Fig. 20 shows the effect on TNF induced tumour 
regression by control MAb ( J| ) , MAb 32 ) ^nd 

peptide 301 antiserum ( ^ ); 

Fig. 21 shows MAb 32 reactivity with overlapping 
peptides of 10 AA length; and 

Fig. 22 shows a schematic three dimensional 
representation of the TNF molecule* 

Fig. 23 shows topographically the region of residues 
1 - 20, 56 - 77, 108 - 127 and 138 - 149? 

Fig, 24 shows topographically the region of residues 
1-18 and 108 -128? 

Fig^ 2S shows topographically the region of residues 
56 - 79/ 110 - 127 and 136 - ISS; 

Fig.. 26 shows topographically the region o£ residues 
1 - 26^ 117 - 128 and 141 - 153; 

Fig« 27 shows topographically the region o£ residues 
22 - 40, 49 - 97, 110 - 127 and 136 153; 

Fig. 28 ehows topographically the region of residues 
12 - 22, 36 - 45, 96 - 105 and 132 - 157; 

Fig. 29 shows topographically the region o£ residues 
1-20 and 76-90; 

Fig. 30 shows topographically the region of residues 
22 - 40, 69 - 97, 105 - 128 and 135 - 155; 

Fig. 31 sh ws topographically th region of residues 
22 - 31 and 146 - 157; 

Fig. 32 shows topographically the region of residues 
49-98; 
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Fig. 33 shows topographically the region of residues 
22-40 and 70-87; 

Fig. 34 shows results of an CLISA using samples 
containing varying levels of TNF; and 
5 Fig. 35 shows the effect of VHP3-VXA2 on anti-tumour 

activity of TNf. 
Animals and Tumo ur Cell Lines 

In all experiments BALB/C female mice aged 10-12 • 
weeks obtained from the CSIRO animal facility were used. 
10 Heth A solid tumour and Heth A ascites tumour cell lines 
were obtained from the laboifatory of Or. Lloyd J. Old 
(Sloan Kettering Cancer Centre) and the WCHI-1€4 
fibrosarcoma line was obtained from Or. Geeta Chauhdri' 
(John Curtin School of Medical Research, Australian 
15 National University) . 

Fusions and Product ion of Hvbridomas 

Kice were immunised with 10 ug human recombinant THE 
intra^peritonealiy in Freund's complete adjuvant.. One 
month later 10 ug THF in Freund'c incomplete a^djuvant was 
20 administered. Six weeks later and four days £>rior to 
fusion selected mice were boosted with 10 ug THF in PBS. 
Spleen cells from immune mice were fused with the myeloma 
Sp2/0 according to the procedure . of Rath jen and Underwood 
(1966, Kol. Immunol. 21t <41)« Cell lines found to 
p secrete anti-TNF -antibodies by radioimmunoassay were 

subcloned by limiting dilution on a feeder layer of mouse 
peritoneal macrophages. Antibody subclasses were 
determined by ELISA (Hisotest, Commonwealth Serum 
Laboratories ) . 
30 RfldlgtimnunggggflY 

TNF was lodinated using lactoperoxidase according to 
standard procedures . Culture supernatants from hybridomas 
(SO ul) w r incubated with 12SI TNF (20,000 cpm 'in SO ul) 
overnight at i^C before the addition of . 100 ul Sac-Cel 
35 (donkey anti-mous /rat immun gl bulins c ated cellulose / 
Hello in Diagnostics) and Incubated f r a further 20 
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minutes at room temperature (20^C). Following this 
incubation 1 ml of PBS was added and the tubes centrifuged 
at 2/500 rpra for 5 minutes • The supernatant was decanted 
and the pellet counted for bound radioactivity- 
Antibodv^Antibodv Competition Assavs 

The comparative specificites of the monoclonal 
antibodies were determined in competition assays using 
either immobilized antigen (LACT) or antibody (PACT) 
(Aston and Ivanyi, 1985^ Pharroac, Therapeut. 21t 403) • 

Flexible microtitre trays were coated with 
monoclonal antibody (sodium sulphate precipitated 
globulins from mouse ascites fluid, 100 micrograms per. nil 
in sodium bicarbonate buffer, 0.05U, pH 9^6) overnight at 
4^C prior to blocking non-specific binding sites with 1% 
bovine serum albiuain in PBS (BSA/FBS) « The binding o£ 
.1251 TNF to immobilised antibody was determined in the 
presence of varying concentrations of a second anti-TNF 
monoclonal antibody. Antibody and THE were added 
simultaneously and Incubated for 24 hqurs prior to washing 
with PBS (.4 times) and counting wells for bound 
radioactivity. 100% binding was determined in the absence 
of heterologous monoclonal antibody while 100% competition 
was determined in the presence o£ excess homologous 
monoclonal antibody* All dilutioniB were prepared in 
BSA/FBS « 
LACT, 

The binding of protein A purif ied, radiolabelled 
monoclonal antibodies to TNF coated microtitre wells was 
determined in the presence of vailing concentrations of a 
second monoclonal antibody. Hicrotitre plates were coated 
with TNF (SO micrograms per ml) as described above. 
Quantities o£ competing antibodies (SO microlitres) were 
pre-incubated on plat s for 4 hour at 4^0 prior to 
addition of 12SI monoclonal antibody (30,000 cpm) £or a 
further 24 hours « Binding of c unts to wells was 
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det cinined after four washes with PBS. 100% binding was 
determined in the absence of competing antibody while 100% 
competition was determined in the presence of excess 
unlabel led monoclonal antibody. 
5 Cytotoxicity ASgav 

Bioassay of recombinant TNF activity was performed 
according to Espevik and Nissen-Meyer (1986, J. Immunol. 
Methods £5., 99). The effect of the monoclonal antibody on 
TNF activity was determined by the addition of the 

10 monoclonal antibody to cell cultures at ABT90, 
T^imouf Re yresfiion Experiments 

Kodulation of TNF-induced tumour regression activity 
by monoclonal antibodies was assessed in three tumour ^. 
models: the subcutaneous tumours WEHI-164 and Meth A 

15 sarcoma and the ascitic Meth A tumour. Subcutaneous 

tumours were induced by the injection of approximately S x 
loS cells. This produced tumours of between 10 - IS mm 
approximately 14 days later. Mice were injected 
intra-perltoneally with human recombinant . TNF (10 

20 micrograms) plus monoclonal antibody (200 microlitres 
ascites globulin) for four consecutive days. Control 
groups received injections of PBS alone or TNF plus 
monoclonal antibody against bovine growth homone. At. the 
cotamencement of each experiment tumour cite was neasured 

25 with caiipere in the case of solid tumours or - - - 

tumour-bearing animals weighed in the case of ascites 
mice. These measurements were taken daily throughout the 
course of the experiment. 
Radlo»Recfl pfcor Aggavs 

30 WEHr-164 cells grown to confluency were scrape 

harvested and washed once with 1% BSA in Hank's balanced 
salt solution (HBSS, Gibco). 100 ul of unlabelled TNF 
(1-10,000 ng/tube) or monoclonal antibody (10 fold 
dilutions c mm ncing I in 10 to 1 in 100,000 of ascitic 

J5 globulin) was added to SOul 12SI TNF (50,000 cpm) . WEHI 
c ll8 wer th n added (200 microlitres containing 2 x 10^ 
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cialle). This mixture was incubated in a shakin? water 
bath at 37<'C for 3 hours. At the completion of this 
incubation 1 ml of HBSS was added and the cells spun at 
16,000 rpm for 30 seconds. The supernatant was discarded 
5 and bound 12 SI TNF in the cell pellet counted. All 
dilutions were prepared in HBSS containing 1% BSA. 
Procoaoulant Induction bv TNF on Endothelial Cells 

Bovine aortic endothelial cells (passage 10) were 
grown in RPHI-1640 containing 10% foetal calf serum (FCS), 
10 penicillin, streptomycin, and 2-mercaptoethanol at 370c in 
5% CO2. For induction of procoagulant activity by TNF the 
cells were trypsinised and plated into 24-well Costar 
trays according to the protocol of Bevilacqua et al. , 19.86 
(PNAS 22., 4533), TNF (0-500 units /culture) and monoclonal 
15 antibody (1 in 250 dilution of ascitic globulin) w&s added 
after washing of the confluent cell monolayer with HBSS. 
After 4 hours the cells were scrape haxnrested, frozen and 
sonicated. Total cellular procoagulant activity was 
determined by the recaloification time of normal donor 
iO platelet-poor plasma perfQrmed at 21°C, 100 microlitres of 
citrated platelet-poor plasma was added to 100 ul of cell 
lysate and 100 nl of calcium chloride (30nH) and the time 
taken for clot formation recorded. Zii some experiments 
tumour cell culture supernatant w&s added to endothelial 
25 cells treated with THF and/or -monoclonal ontiisody < final 
concentration of 1 in 2 ) . 

Ineorooratton of 12SI Fibrinogen into Tumours of Mlgg 
Treated with TNF and Monoclonfll Antibody, 

In order to examine the effect of TNF and monoclonal 

30 antibodies on fibrin formation In vivo, BALB/c mice were 
injected subcutaneously with WEHI-164 cells ( 10^ 
cells/animal). After 7-14 days, when txiraours reached a 
size of approximately 1 cm in diamet v, animals were 
injected intra-periton ally with TMF (10 ug/aniiaal) and 

35 12s I human fibrinogen (7.Sug/animal, 122uCi/mg Amershom) 
either alon r in the pres nee of mon clonal antibody to 
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human TMF (200ul/animal ascitic globulin). Monoclonal 
antibody against bovine growth hormone was used as control 
monoclonal antibody. Two hours after TNF infusion 
incorporation of 1251 fibrinogen into mouse tissue was 
determined by removing a piece of tissue, weighing it and 
counting the sample in a gamma counter. 

In all 13 monoclonal antibodies reacting with human 
TNF were isolated. These monoclonal antibodies were 
designated MAb 1, MAb 11, MAb 12, MAb 20, MAb 21, MAb 2S, 
MAb 31, MAb 32, MAb 37, MAb 42, MAb 47, MAb S3 and MAb 54. 
The effect of these monoclonal antibodies on the 
bioactivity of human TKF is set out in Table 2. 

As can be seen from Table 2, whilst some monoclonal 
antibodies inhibit both anti-tumour activity and 
activation of coagulation by human THE (MAb 1, 47 and 54) 
not all antibodies which inhibit the anti-tumour activity 
inhibit activation of coagulation either In vitro or In 
vivo (MAb 11, 12, 2S and 53). Indeed MAb 21. which 
inhibited tumour regression enhanced the activation of 
coagulation in vivo. 
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TABLE 2 

EFFECT OF MONOCLONAL ANTIBODIES ON TNF BIOACTIVITY 




TNF BIOACTIVITY 


1 


11 


12 


MOW 
20 


roci 

21 


lONA 
25 


3i 


HTI 
32 


BOD 
37 


Y 
42 


47 


S3 


54 


Cytotoxicity 








0 






0 


0 


0 


0 








Tumour Regression 


- 


- 


- 


0 






0 


+ 


0 


0 


- 


- 




Induction of 
Procoagulant 
(Endothelial 




.0 


0 






0 


0 




0 










Fibrin Deposition 
(tumour) 








+ 


+ 


+ 


+ 


+ 


0 






0 




Receptor Binding 
(KEHI - 164] 








0 






0 


+/ 
0* 


0 


0 
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+ Enhancement 

0 Ko effect 
5 • Inhibition 

* Depending on KAb concentration in the case of 
HEai<!>I64 tumour cells and tumour type (eee Figs. 3, 
13-17), . . 

KAbs 1/47 and S4, which have been shown in 
to competition binding studies to share an epitope on TNF/ 
can be seen to have highly desirable characteristics Lti 
treatment of toxic shock and other conditions of 
bacterial, viral and parasitic infection where TNF levels 
are high requiring complete neutralisation of THF. Other 
IS monoclonal antibodies such as KAb 32 are nor6 appropriate 
as agents for coadministration with THF during cane r 
therapy since they do not inhibit tumour regression but <i 
inhibit activati n of coagulation. This farm of th rapy 
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' 18 particularly indicated in conjunction with cytotoxic 
drugs used in cancer therapy which may potentiate 
activation of coagulation by TNF (e.g. vinblaatin, 
acyclovir^ I FN alpha, lL-2, actinonvycin D, AZT, 
5 radiotherapy, adriamycin, roytomycin C, cytosine 
arabinoside, dounorubicin, cis-platin, vincristine, 
5-f lurouracil , bleomycin, (Watanabe N et al 1988 
Imraunopharmacol . Immunotoxicol . JJJ. 117-127) or in diseases 
where at certain stages TNF levels are low (e.g. AIDS) .and 
10 where individuals may have AIDS associated cancer e.g. 
Kaposi sarcoma, non-Hodgkins lymphoma and squamous cell 
carcinoma . 

Monoclonal antibody HAb 1 has been found to have the 
following characteristics : - 
15 1. Binds huiaan recombinant THF alpha, but not human 

lyrapho toxin (TNF beta) or human interferon. Similarly HAb 
1 does not cross -react with recombinant murine TNF 
(Fig.l). 

2. MAb 1 is of the immunoglobulin type IgGl, K with 
20 an apparent affinity of 4.4 x 10'^ moles/litre (Fig. 2). 

3. KAb neutralises the cytotoxic effect of. 
recond^inant human TNF on WEHI-164 mouse flbx»sarcdma cells 
in culture « One microgram of -KA)3 1. neutralises 
Approximately 1S6«2S unltS: of THE in vitro (Fig* 3). 

25 4. KAb 1 neutralises the tumour regression activity 

of TNF lii the following mouse tumour models in vivof 
WEHZ-164 subcutaneous -solid tumour/ the Keth A 
subcutaneous solid tumour and the Keth A ascites tumour 
(Figs. 4, S and 9) . 

30 S. HAbl prevents cerebral damage caused by human 

TNF in mice infected with malarial parasites. 

6. In radioreceptor assays MAb 1 prevents binding 
of TNF to receptors on WEHI-164 cells (Table 3). 

7. MAb 1 inhibits the induction of proc agulant 
35 activity (tissu factor) on cultured bovin aortic 

endothelial c lis (Fig. 6). 
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8. KAb L reduces the uptake of 12SI fibrinogen into 
tumours of mice treated with TNF (Fig. 7). 

9. MAb 1 competes for binding of 12SI TNF and thus 
shares an overlapping epitope with the following 

5 monoclonal antibodies: 21, 25, 32, 47, 54 and 37. 

10. MAb 1 does not compete for binding of 1251 TNF 
with the following monoclonal antibodies: 11^ 12, 42, 53, . 
31 and 20 (Fig. 8) . 

TABLE 3 

10 RADIORECEPTOR ASSAY: 

INHIBITION OF TNF BINDING TO HEHI-164 CELLS BY HAb 1 

TREATMENT : \ SPECIFIC BINPTMS 

MAb 1 1/10 0 " 

1/100 21 
15 1/1,000 49 

1/10,000 73 
1/100,000 105 
cold TNF (ng/ tube) 

10,000 0 
20 5,000 9 

1,000 0 
500 10 
100 11 
10 " 
25 1 . 108 

0 100 

HAb 32 is an l962b,K antiliady with an affinity for 
human THF alpha of 8.77 x lO"' moles/litre as determined 
30 by Scatchard analysis. This monoclonal antibody does not 
react with either human TNF beta (lymphotoxin) or mouse 
TNF alpha. 

As shown in Figure 3 HAb 32 does not inhibit TNF 
cytotoxicity in vitro as d termined in th HEHX-164 assay. 
j5 Hon clonal antibody 32 variably enhances TMF-tlnduc d 

tumour regression activity against HBKX-164 fibrosarcoma 
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tumours implanted subcutaneously into BALB/c mice at a TNF 
dose of lOug/day (see Figs. 10 and 11). This feature is 
not common to all monoclonal antibodies directed against 
TNF (Fig. 9) but resides within the binding site 
5 specificity of MAb 32 (Fig. 8) which may allow greater 
receptor mediated uptake of TNF into tumour cells (see 
Table 4 ) . 

BINDING OP TNF TO RECEPTORS ON WEHI-164 CELr.S 
10 IN THE PRE .SRNCB OF MAb 32 

% BINDING125 i-tNF 



MAB DILUTION CONTROL MAB MAP 32 

1/10 36 141 

15 1/100 74 88 

1/1000 101 83 

1/10,000 92 82 

1/100,000 97 93 



20 Enhancement of TNF activity by MAb 32 at lower doses 

of TNF is such that at least tenfold lees TMF is required 
to achieve the same degree of tumour regression (see Fig. 
11 and 18). The results for day .1, 2«Sag and lug THF and 
day 2, Sag, 2«Sug and lug are statistically significant in 

25 .a t- test at p<«01 level. This level of enhancenent also' 
increases the survival rate of recipients since the lower 
dose of TNF used is not toxic. Fig. 19 shows that 
univalent Fab fragments of KAb 32 also cause enhancement 
of THF- induced tumour regression in the some manner as 

30 whole HAb 32 (see below). 

KAb 32 inhibits thia expression of clotting factors 
on endothelial cells normally induced by incubation of the 
cultured cells with THF (see Fig. 6). This response may 
be mediated by a previously unidentified TNF receptor 

35 which is distinct to the receptor found on other cells. 
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Conversely, MAb 32 enhances the i/i vivo activation 
of coagulation within the tumour bed as shovm by the 
incorporation of radio label led fibrinogen (Fig. 7). This 
may be due to activation of monocytes /macrophage 
procoagulant and may provide further insight into the 
mechanism of TNF-induced tumour regression. 

The results obtained with MAb 32 are shown in 
comparison to other anti-TNF MAbs in Table 2 . 

The ability of MAb 32 and MAb 47 to inhibit the 
binding of TNF to endothelial cells was also assessed. 
Bovine aortic endothelial (BAE) cells (passage 11) were 
plated in 24-well culture dishes (Corning) which had been 
pre-coated with gelatin (0.2%) and grown to confluence -In 
McCoys 5A (modified) medium supplemented with 20% foetal 
calf serum. For the radio-receptor assay all diiutions 
(of cold TNF and HAbs) were made in this medium. The BAE 
cells were incubated for one hour in the presence of 
either cold TNF (0 to lOOng) or KAb (ascites globulins 
diluted. 1/100 to 1/100,000) and iodinated TNF (50,000 
cpm) . At the end of this time the medium was withdrawn 
and the cells washed before being lysed with lU sodium 
hydroxide. The cell lysate was then counted for bound 
radioactive THF^. Specific binding of labelled TNF to the 
cells was then detemlned. . 

The results obtained in this assay with- -KAb 32/ 
HAb 47 and a control KAb are set out 'in Figure 12. 

The results obtained in the clotting assay using BAE 
cells cultured in the presence of TNF and anti-TNF MAb 
correlate with the results obtained in the BAB 
radioreceptor assay i.e. UAbs which inhibit the induction 
of clotting factors on the surface of endothelial cells 
(as shown by the increase in clotting time compared to TNF 
alone) also inhibit the binding of TNF to its receptor. 
This is exemplified by HAbs 32 and 47. 

KAb 32, which does not inhibit THF binding to 
HEKI--164 cells, does inhibit binding of THF to endothelial 
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, cells. This r suit provides support for the hypothesis 
that distinct functional sites exist on the TNF molecule 
and that these sites interact with distinct receptor 
subpopulations on different cell types. Thus ligands 
which bind to defined regions of TNF are able to modify 
the biological effects of TNF by limiting its binding to 
particular receptor subtypes. 

As shown in Figure 12 MAb 47 is a particularly 
potent inhibitor of TNF interaction with endothelial 
cellSy the percentage specific binding at a dilution of 
1/100 to 1/10,000 being effectively zero. 
RECEPTOR BINDING STUDIES OF HUMAN TNF CQMPLEXED WTTff 
MAB 32 ON HUMAN CARCINOMA CELL LINES IN VTTRn 

MAb 32 has been shown to enhance the ant i- tumour 
activity of hxiraan TNF. The mechanisms behind the 
enhancement may include restriction of TNF bindincjr to 
particular (tumour) receptor subtypes but not others 
(endothelial) with subsequent decrease in TNF toxicity to 
non- tumour cells. This mechanism does not require 
enhanced uptake of TNF by tumour .cells in in vitro assays. 
In addition, MAb 32 also potentiates the bindihg o£ human 
THE directly to TKF receptors on certain human carcinoma 
cell lines. 

KATERIAt,S AND HETOQDS 

The follovring human, carcinoma cell li^es have been 
assayed for enhanced receptor-mediated uptake o£ THF in 
the presence of KAb 32 1 BIO, CaCO/ HT 29, SKCOl {oil 
colon carcinomas), S637 (Bladder carcinoma), HK418B 
(melanoma), ZGR3 (melanoma), KCF 7 (breast carcinoma) « ' 
The cells vere propogated in either RFKI-1640 (HK418B) 
OMEM (CaCo and IGR 3) or Iscoves modified OMEM (810, HT 
29, SKOl, S637, KCF 7) supplemented with 10% foetal calf 
serum, penecillin/streptomycin and L«glutamine. Receptor 
assays wer performed as previously described for 
endothelial c lis except that th incubation time with 
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lodinated TNF was extended to 3 hours for ail but the BIO 
cells for which the radiolabel was Incubated for 1 hour. 
fi£SIILZ& 

Enhanced TNF uptake was observed in the presence of 
5 HAb32 by the melanoma cell lines tested HM4I8E and IGR 3 
(Figs. 13 and 14), the bladder carcinoma 5637 (Fig. IS), 
and the breast carcinoma MCF 7 (Fig. 16). KAb 32 did hot 
affect TNF-receptor interaction in any of the other cell 
lines as shown by B 10 (Fig. 17) MAb 47, which has been 
10 shown to inhibit TNF binding to WEHI-164 cells and 

endothelial cells, and which also inhibits TNF-mediated 
tumour regression was found to markedly inhibit TNF 
binding to all the cell lines tested (Figs, 13-17). 

15 Receptor binding analyses have indicated a second 

mechanism whereby MAb 32 may potentiate the anti-tumour- 
activity of TNF. This second pathway for enhancement of 
TNF results from increased uptake of TNF by tumour all 
receptors in the presence of MAb 32. 
20 -ENHANCEMENT OF TNF-M EDIATED TUMOUR REGRESSION IN VIVO^ 
MAB 32 OR ONIVAI,ENT PAB^ FRAGMENTS OF MAB 32 

■ Tumour regression studies were carried out as 
described above in mice carrying KEHI-164 subcutaneous 
tumoure (H « 5 animals/group). Tumour size was determined 

25 daily during the course o£ the ei^rinent. The results 
obtained using Mftb 32 are set out in Fig. 22 and show the 
mean 80% change in. tumour area at the completion of 
treatment (day 2) (■ HAb 32s ^ control HAbt *HAb 47). 
Differences observed between control HAb-TMF and 

30 HAb 32-TNF treated groups are statistically significant 
in a T-test at the p-<.01 level. 

The results using the univalent FAb' fragments of 
MAb 32 are shown in Fig. 19. Tumour size was determined 
daily during the course of the experident. The results 

35 show thie m an SOI change in tumour area at the 

coiapletion of treatment (day 2). Differences between th 
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contr 1 MAb-lOF and MAb 32-TNF treated groups are 
statistically significant in a T-test at th P-<.01 level. 

T ffF TNnilCRD TOMntJR REGRES S TOM i EFFECT OF AKTI-PEPTTnp; 

30^ SEPA 

Fig. 20 shows the percent change in tumour area in 
tumour-bearing mice treated for three days with TNF plus 
control MAb (antibody against bovine growth hormone), TNF 
plus MAb 32 or TNF plus antiserum (globulin fraction) ^ 
against peptide 301. In an unpaired T-test the control 
group is significantly different from both of the test 
groups (MAb 32, antiserxim 301) while the MAb 32 and 
peptide antisemm 301 groups are not significantly 
different from each other, (control vs MAb 32, p<.002;- 
control vs antipeptide 301, p<.02S). Thus antisera raised 
using a peptide which comprises part of the MAb 32 
specificity, also causes TNF enhancement of tviraour 
regression. 

As shown in Fig. 9 competition binding studies has 
shown that the thirteen monoclonal antibodies can be 
sub-divided into two main groups, namely MAbs 1, 21, 47, 
S4, 37, 32 and 2S and MAbs 11, 12, S3 and 42. Experiments 
were then conducted to identify -the regions on human TNF 
recogialsed by these monoclonal antibodies. 
TnRWTTPTrJiTTOW OP py^CTOWS ON HTfHAN TNF RBCQGHISED BY. 
25 MnwnCT/1WM> AOTIBODIES 

I. Overlapping peptidea of 7 and 10 amino acid 
residues long were synthesised on polypropylene pins 
according to the method of Geysen et al., 1984, PHAS 81, 
3998-4002. The overlap was of 6 and 9 residues 
respectively and collectively the peptides covered the 
entire THF amino acid sequence. The peptides were tested 
for reactivity with the MAbs by ELISil. MAbs which had TNF 
r activity absorbed from them by prior incubation with 
whol TNF wer also t st d for reactivity with the 
p ptides and act d as a negative control. 
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3S 
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2. Longer peptides of TNF were synthesized as 
described below. These peptides were used to raise 
antisera in sheep using the following protocol. Merino 
sheep were primed with TNF peptide conjugated to ovalbumin 
5 and emulsified in Freunds Complete adjuvant and boosted at 
4 weekly intervals with peptide-ovalbumin and sera assayed 
for the presence of anti-TNF antibody by radioimmunoassay. 
Of the peptides shown only peptides 275, 301, 305, 306 and 
307 elicited sera reacting with whole TNF. The positive 
) sera were then used £n competitive binding assays (PACT 
assays) with the MAbs. 

The following peptides were synthesised and are 
described using the conventional three letter code for 
each amino acid with the TNF sequence region indicated in 
brackets . 
Peptide 275 

H-Ala-Lys-Pro-Trp-Tyr-Glu-Pro-Ile-Tyr-Leu-OH ( 111-120 ) 
Peptide 301 

H-Val-Arg-Ser-Ser-Ser-Arg-Thr-Pro-Ser-Asp-Lys-Pro-Val-Ala- 
His-Val-^Val-Ala-OH (1-18) 

PmM9 302 

H-Leu-Arg-Asp-Asn-Gln-Leu-Val-Vai-Pro-Ser-GIu-GIy-Leu-Tyr- 
Leu-ZXe-OH (43-58) 
Peptldg 304 

H-Leu-Phe-Lya-Gly-Gln-Gly-Cys-Pro-Sor-Thr-Hie-Val-Leu-Leu- 

Thr-HlB-Thr-Ile-Ser-Arg-Ile-OH ( 63-83 ) 
Pepfclde 305 

H-Leu-Ser-Ala-Glu-Ile-Asn-Arg-Fro-Asp-Tyr-Leu-Asp-Phe-Aia- 
Glu-Ser-Gly-Gln-Val-OH (132-lSO) 
Pmldg 30g 

ri-Val-Ala-Hifi-Val-Val-Ala-Aan-Pro-Gln-Ala-Glu-Gly-Gln-Leu- 
OH (13-26) 
Peptide 307 

H-Aia-GIu-Gly-Gln-Leu-Gln-Trp-Leu-Aen-Arg-Arg-Aia-Aen-Ala- 
Leu-Leu-AIa-Aan-Gly-OH (22-40) 
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H-Gly-Leu-Tyr-Leu-Ile-Tyr-Ser-Gin-Val-Leu-Phe-Lys-Gly-Gln- 

Gly-OH (54-68) 
Peptide 309 

H-His-Val-Leu-Leu-Thr-His-Thr-Ile-Ser-Arg-Ile-Ala-Val-Ser- 
5 Thr-Gln-Thr-Lys-Val-Asn-Leu-Leu-COOH (73-94) 

peptide 323 

H-Thr-Ile-Ser-Arg-Ile-Ala-Val-Ser-Thr-Gln-Thr-OH (79-89) . 
These peptides were synthesised using the foLlowing 

general protocol. 

10 All peptide were synthesised using the 

Fraoc-polyamide method of solid phase peptide synthesis 
(Atherton et al, 1978, J.Chera.Soc.Chera.Commun, , 12., 
537-539). The solid resin used was PepSyn KA which is a 
polydimethylacrylamide gel on Kieselguhr support with 

15 4-hydroxyittethylphenoxy- acetic acid as the functionalised 
linker (Atherton et al., 1975, J.Am.Chem. Soc. 22, 
6S84-6S8S). 

The carboxy terminal amino acid was attached to the 
solid support by a DCC/DMAP-mediated symmetrical-anhydride 

20 esterificatidn^ 

All Fraoc-groups were removed by piperidine/DMF wash 
and peptide bonds were formed either via pentaf luorophenyl 
active esters or directly by BOP/HMK/HOBt (Castro's 
reagent) (Pouiaiier et al, 1989, Intc J. Peptide 'Protein 

25 Res,, 12., 133-139) except for certain amino acids as 
specif ied in Table S. . 

Side chain protection chosen for the amino acids was 
removed concomlttantly during cleavage with the exception 
of Acm on cysteine which was left on after synthefiie. 
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Amino Acid 


Protectina Group 


CouDlino Metlin<i 


Arg 


Mtr or Prac 


Either 


Asp 


OBut 


Either 


Cys 


Acin (permanent) 


Either 


Glu 


OBut 


Either 


His 


Boc 


OPfp only 


Lya 


Boc 


Either 


Ser 


But 


BOP only 


Thr 


But 


BOP only 


Tyr 


But 


Either 


Trp 


none 


Either 


Asn 


none 


OPfp only - 


Gin 


none 


OPfp only 



Cleavage and Purification 

Peptide 301, 302, 305 are cleaved form the resin 
with 95% O^FA and 5% thioanisole (1.5 h) and purified on 
reverse phase C4 column/ (Buffer A - 0.1% aqueous TFA, 
Buf fer B - 80% ACH 20% A). 

Peptide 303/ 304 are cleaved from the resin with 95% 
TEA and S% -phenol (S-6 h) and purified on reverse phase G4 
coluioih. (Buffers as above). 

Peptide 306 r 308 are cleaved from the resin, with 9S% 
TFA and S% water (l.S h) and purified on reverse phase C4 
column. (Buffers as above) . 

Peptide 309 Peptide was cleaved from the resin with 
95% TFA and 5% thioanisole and purified on reverse phase . 
C4 column. (Buffers as above) . 

Peptide 307 Peptide was cleaved from the resin with 
a mixture of 93% TFA, 3.1% Anisole, 2.97% 
Bthylmethylsulfide and 0.95% Ethanedithiol (3 h) and 
purified on reverse phase C4 column. (Buff rs as above). 
fiBSULXfi 

Typical results of HAb BLISA using the 7 and 10 m rs 
are 8ho%m in Fig. 21. T gether with the results of PACT 
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assays using the sheep anti-peptide sera (shovm in 

Table 6) the following regions of TNP contain the binding 

sites of the anti-TNF MAbs. 



MAb 


1 : 


residues 


1-18, 


58-65, 115-125, 138- 


149 


MAb 


11: 


residues 


49-98 




• 


MAb 


12: 


residues 


22-40, 


70-87 




MAb 


21: 


residues 


1-18, 


76-90 




MAb 


25: 


residues 


12-22, 


36-45, 96-105, 132- 


157 


MAb 


32: 


residues 


1-26, 


117-128, 141-153 




MAb 


37: 


residues 


22-31, 


146-157 




MAb 


42: 


residues 


22-40, 


49-96, 110-127, 136 


-153 


MAb 


47: 


residues 


1-18, 


108-128 




MAb 


53: 


residues 


22-40, 


69-97, 105-128, 135 


-155 - 


MAb 


54: 


residues 


56-79, 


110-127, 136-155 
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CQlffETITIVE BINDING OF TNF BY AWTI«TNF HONOnr/^WRfi 
IN THE PRE SENCE OP AN TI PEPTIDE SERA 

20 MA^/PEPTIDE SERA 

1 

11 
12 
21 

25 25 

32 
37 
47 
53 

30 54 

42 

Note It - indicates no competition, indicates 
slight competititon at high concentration oC anti*peptide 
35 antisera (1/50), ^-t-*-* indicates trong competition by 
anti-peptid9 aera equal to that o£ the h mologous MAb. 



275 301 305 306 307 
+ - - ++ 



+ - • 

++++ + 



3S 



Note 2: Only peptide which elicited sera 
recognising whole TNF were used in this assay. 



As will be understood by persons skilled in this 
field the ligands of the present invention can be used in 
assays of biological fluids for detecting the presence of 
and quantifying the concentration of TNF in a sample. One 
means by which this may be achieved is by using the 
ligands of the present invention in conventional ELISAs. 
Set out below is an example of such an assay. 



TNF ELISA 
REAGENTS 

CARBONATE COATING BUFFER, pH 9.6 

NaaCOs l.6g 

NaHCOs 2.9g Add 800mL dHzO, pH to 9.6 

then make to. IL with dH20 

BLOCKING BUFFER 
BSA Ig 

PBS lOOmL Add BSA to PBS and allow 

to dissolve £ully before 
using. Store at- 4 C 

fCASH BUFFER (0.05% Tween/FBS) 
Tween 20 O.Sg 

PBS • IL Add TKcen to PBS and mix 

thoroughly before use 

CITRASB BUFFER 

dltrtc Acid. 2.1g in SOmL Add solutions together 
IH^O 6HzO and adjust 

TriSodium I.47g in. SOmL pH to 4.0-4.2 

Citrate 2H2O dHzO 

NBt All incubations can be carried out at 4**C overnight 
OR at room temperature for 2hr8 OR at 37°C for Ihr. 



METHOD 

Coat ELISA pi tes with equal proportions of MAbl, MAb32 
and HAbS4 to human TNF in carbonate coating buffer. The 
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total Lmmunoglobulln concentration should be 20(Jig/niL and 
lOOiiL is added to each well- Cover plates and incubate. 

• Wash plates 3x with PBS/Tween- 

• Incubate plates with 250fiL/well blocking buffer 

• Wash plates 3x with PBS/Tween. 

• Add 100|iL sample or TNF standards^ diluted in blocking 
buffer where required, to plates, then cover and 
incubate. 

• Wash plates. 3x with PBS/Tween. 

• Add lOOjiL biotinylated antibody mix (equal proportions 
of biotinylated monoclonal antibodies 11 fc 42 to human 
TNF) at a final concentration of lOng/mL in blocking 
buffer to each well, cover and incubate. 

• Wash plates 3x with PBS/Tween« 

• Add 100(xL/well streptavidin-peroxidase (Araersham product 
no. RPN 1231) at 1/2,000 in blocking buffer, then cover 
and incubate. 

• Wash plates 3x with PBS/Tween. 

« Add 100(iL/veIl biotinylated anti-stretpayidin monoclonal 
antibody (Jackson Immunorefiearoh) at 1/40,000 in 
blocking. btt££er, cover and incubate* 

• Wash plates 3x with PBS/Tween« 

• Add 100|iL/vell strep tavidin-peroxidase at 1/2,000 in 
blocking buffer, cover and incubate « 

• Hash plates 3x with PBS/Tween « 

« Add lOOfiL/well peroxidase substrate (ABTS) at Img/mL in 
citrate buffer containing 0.3|xL/ml HjOz and leave to 
incubate at room temperature for up to 1 hour. 

NO: Substrate solution should be prepared immediately 

pri r to us « 
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* Read absorbance at 40Snin, and compare sample 

readings with TNF standard curve to determine TNF 
levels . 

BIOTINYLATION OP IgG 

SO asK BICARBONATE BUFFER, pH 8.S 
Na2C03 1 . 6g 

NaHC03 2,9g In IL dH20, adjust pH 

with HCl 

0.1 PHOSPHATE BUFFER, pH 7.0 
METHOD 

• Prepare inununoglobulins by purifying on a protein A 
column, then f reeze-drying. 

• Reconstitute the immunoglobulins with SOmM bicarbonate' 
buffer to a concentration of 20mg/mL in a clean glass 
test tube; 

• Add 0.4rag biotin per 20rag Ig directly to the tube. 

• Place the. test tube on ice and incubate for 2 hours. 

• Remove the unreacted biotin by centrifuging at lOOOg for 
15-30 minutes in a Ccntricon-3P microconcentri9.tor . 
Dilute the sample in O.IH phosphate buffer and repeat 
the xientrlfugration twice. 

« Kake the sample up to the original volume with phosphate 
buffer, add 0.1% KaHj and store at 4^C until used. 

The results obtained in such an assay using samples 
containing known amounts of THF is sho%m in Figure 34. 

As mentioned above the specific mouse monoclonal 
antibodies disclosed in this application can be humanised 
if required. A number of methods of obtaining humanised 
antibodies are set out in PCT/GB92/017SS (WO93/06213) . A 
humanised version of KAb32 designated VHP3-VXA2 was 
produced by the method disclos d in PCT/GB92/017SS < 
Bri fly, this antibody was produced as follows i 
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J Clonin7 And display of the V oenes of MAb 3? 9^ 

ehaas. 

Cloning of the V-genes of MAb32: 

The genes of the mouse MAb32 antibody (IgG2b, Kappa) 
were rescued by PCR essentially as described (Clackson et 
ai./ 1991, supra, Clackson et si in "PCR: a practical 
approach, eds Mr Phenox et al, IRL Press, Oxford pp 187- 
214) using the primers VHlBACk and VH1F0R2 for the VH gene* 
and Vk2BACK and VK4F0R for the VL gene and the polymerase 
chain reaction (PCR, R.K. Saiki et al. , 198S, Science 230, 
pl3S0). The mouse VH and Vk genes were assembled for 
expression as scFv fragments by PCR assembly (Claixkson et 
ai., supra) amplified with VHlBACKSfi and VFF0R4N0T and 
ligated into phagemid pHEHl (H.R. Hoogenboom et ai., 1991 
Nucl. Acids. Res. 19, pp4133-4137) as a S£iI-NotI cut 
restriction fragment., and electxroporated into E,colL 
HB21S1 cells. Of 96 clones analysed by BLISA (see below), 
9 secreted THF-binding soluble scFv. fragments. Sequencing 
revealed In all clones a mouse VH of family IIB and a 
mouse Vk of family VI (C.A. Kabat et al., 1991 Sequences 
of Proteins of Immunological Interest/ US Public Health 
Services) « Nucleotide mutations which were prbbably . 
introduced by the PCR were detected by con^aring the 9 
sjsquencesr and a clone with consensus se^ence and binding 
activity (8cFv-KAb32) chosen for further clb'nlng 
experiments. 

Recloning of the kAb32 V-genes for soluble 
expres s ion t 

The murine V-genes were recloned for soluble 
expression of heavy (Fd, VHCHl) or light chain, by linking 
the mouse V-genes to the human CHI (of the mu-isotype) or 
human Ck gene respectively by splice overlap extension. 
The mouse Vk gene was amplified from scFv-KAb32 OHA with 
oligonucl otides MOJKIFORNX (binds in joining region of V- 
gene and KVKBASFI (binds in S' region and adds Sfil 
restriction site); the human Ck was obtained by PCR from 
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a mouse-human chimaeric light chain gene (of NQ10.12.S, 
d scribed in Hoogenboom et al., 1991 supra), with 
oligonucleotides MOVK-HUCK-BACK (bindis in S' of human Ck 
and is partially complementary with mouse Jk 1 region) and 
HUCKN0T16N0MYC (sits in 3' end of human Ck, retains the 
terminal cysteine, and tags on a NotI restriction site) as 
in Clarkson et al, 1991 using a two fragment assembly. 
For linkage of the DNA fragments, the two PGR fragments 
were mixed and amplified with MVKBASFI and HUCKN0T16N0MYC . 
The chimaeric VkCk gene was subsequently cloned as a Sfil- 
Notl fragment in pUC19 derivative containing the pelB 
signal peptide sequence and appropriate cloniAg sites for 
soluble expression of the light chain (pUC19-pelB-myc) ,-' 
Slmilarlyr the mouse VH gene (amplified from scFv-MAb32 
with LMB3 and VHlFOR-2) was combined by splicing by 
overlap extension PGR with the h\iman u-CHl domain 
(amplified from human IgM-derived cDNA (Marks et al., 
1991/ supra WO 92/01047) with Mo-VH-Ku-CHl and HCMIFONO, 
and cloned as Sf il-NotI fragment into a paci9-pelB-myc for 
soluble expression of a tagged chain. 
Dleplav of the HAb32 anttbodv on ohaaet. 

The chiraa<eric light chain was displayed on phage f d 
by reanplificatipn of the mouse/human chimaeric chain with 
auCKCYSHOT and KVKBAAPA and cloning into fd-tet-OOGl as an 
ApaLZ-NotZ fragment. Cells harbouring « plasmid with, the 
heavy Fd chain gene were grown in 2xTY containing AKPrGLU 
(1%) to logarithmic phase (OO600 of O.S) and infected with 
a 20-fold excess of light-chain displaying phage. After 
45 min at 37«C without shaking and 45 rain at 37«C with 
shaking in the 2xTY, ampicillin (100 |ig/ml). Glucose 1% 
medium, a sample was diluted into SO-fold volume of 
prewarmed (37*'C) 2 x TY, araptctllin (100 ng/ml) and 
tetracyclin (IS fxg/ml)/ grown for I hr at 37''C and then 
overnight at 30*c (shaking). Phage particles collected 
from th supernatant of such culture displayed THF-binding 



Fab fragiaents anchored through the light chain on their 
surface « 

Similarly^ the reversed configuration was made. The 
heavy chain VHCHl fragment was cloned into fd-tet-DOGl 
(after amplification of the Fd chain gene from the 
mouse/human chimeric construct with VHIBACKAPA and 
HCMIFONO) / and phage used to infect cells capable of 
producing soluble light chain. Phage particles collected 
from the supernatant of such culture displayed TNF-binding 
Fab fragments anchored through the heavy chain VHCHl 
fragment on their surface. 

Properties of MAb 32 fragments displayed on phage; 
The V-genes of the murine antibody MAb32 were clcTiied 
by amplifying the hybridoma V-genes, cloning the VH and Vk 
genes as scFv fragments in phageraid pHEHl as above. 
Antibody scFv fragments which bind to TNF were identified 
by ELISA. The mouse VH gene was recloned in pUC19-pelB- 
rayc for soluble expression as a mouse VH linked to human 
rau-CHl, while the light chain was recloned with the human 
Ck domain in vector fd-tet-OOGl as a fusion with g3p. 
When cells harbouring the heavy chain construct were 
infected with the fd-phage carrying the light chain, phage 
particles emerged which carried light chain-g3p associated 
with the fd heavy chain. Indeed, binding to TKF and the 
301 peptide was retained, as judged by ELISX with phage • 
displaying the mouse-human chimaeric Fab fragment. In the 
phage ELISA/ the background signal of phage carrying the 
light chain only was a lightly higher than wild-type fd- 
tet-0061 phage, but always lo%«er than the signal obtained 
with Fab-diisplaying phage. Similarly, THE binding phage 
was made with the heavy chain VHCHl fragment anchored on 
phage, and the light chain provided as a soluble fragment. 
Hence, MAb32 is functional in the dual comblhatorial 
format in both display orientations. 

2 Chain Bh iif fling bv eoltope Imprinted selection fEISJ. 
Cong truct Ion of One chaln.T.ihriigleBt 
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Kappa ^ lambda light chain and Mu-specific cDNA was 
made from the mRNA prepared from the peripheral blood 
lymphocytes from two healthy donors essentially as in 
Marks et al . , 1991^ supra. The first-strand cDNA 
synthesis was performed with oligonucleotides HCMIFO^ 
HUCLCYS and HUCKCYS for Mu-specific, lambda and kappa 
libraries respectively. The VH-CH 1 repertoire was 
amplified from this cDNA with oligonucleotides HCMIFO and 
six family specific VHBACK primers (as in Marks et al., 
1991/ supra)/ reamplified with a Notl-tagged forward 
primer (HCMIFONO) and ApaLI tagged VHBACK primers (6 
primers HuVHlBAAPA to HuVH6BAAPA) . Similarly, the light 
chain repertoires were amplified with HUCLCYS or HUCKCY6 
foirward primers and HUVXIBACK to HuVA,6BACK or HuVklBACK to 
HuVk6BACK back primers described in Harks et al.^ 1991, 
supra and PCT/6B91/01134 (WO 92/01047) • In each case 
described in this section the lambda and kappa chain 
variable repertoires were amplified separately. The 
amplified repertoires were reamplified with ApaLI and KotI 
tagged versions of these oligonucleotides (13 back primers 
HuVXlBAAFA to HuXGBAAPA. or HuVklBAAFA to HuVkBAAPA and two 
for«rard primers HuCLCYSHOT and KuCKCYSKOT/ respectively). 
All three repertoires were cloned into vector fd-tet-006I 
AS Ap«iLI«-HotZ fragnentSf cLnd electroporated. into E*go1JL 
.KC1061 cells, to obtain libraries o£ 1.0* x 10^ clones £or 
VTJCh, 1.4 X 10^' clones £or VkCk, and S x 10^ clones for 
IgK-Klerived VHCHl. The presence o£ insert was checked and 
the frequency of inserts in the library found to be higher 
than 95% in all three cases. 

Selectln? a human VL ueLng the mouse VH domgin Tf tinc\iLi\a 

duULni. 

In a first chain shuffling experiment, the mouse VH 
(linked to the human CHI domain), expressed from pUClS' 
pelB-myc, was paired as Fab fragment with a library of 10 
different human VXCX. domains. Phag displaying the 
antibody f ragiaents were subjected to r unds f panning on 
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TNF -coated tubes. By following the titre of the eluted 
phage, the extent of selection was monitored. After 4 
rounds (with a 100-fold Increase in the tltre of eluted 
phage), 24 out of 28 individual clones were found to be 
binding to TNF in an ELISA with phage expressing Fab 
fragments (all with the mouse VH-human CHI). Phage only 
displaying the selected human VXCX domains gave a 
background similar to phage displaying only the chimaeric ' 
mouse Vk-human Ck. Sixteen clones taken after the firfit 
round of selection were found to be negative. 

Only three different BstNl fingerprints were found 
amongst the 24 binders, with one pattern dominating 
(21/24). Light chains VXA2, VXC4 and WXOl were found with 
frequencies of 21/24, 2/24 and 1/24 respectively. 
Sequencing revealed that all three light chains are 
derived from the same germline gene, a human VXl-l-l. 
Clone VXC4 has 1, clone VXOl has 2 and clone VXA2 7 amino - 
acid residue differences from the germline. However, 
clone ^^2 uses a framework-1 region which more closely 
resembled the germline sequence of a related VXl, 
humvlll?, and therefore may be the result of a cross -over. 
The germline character of the clones was also noted in the 
C0R3 sequence, with itiinimal. variation in sequence and no 
length variation betweian the three clones. Apparently, 
only a very limited ■ number o£ genes with yeir^*^^ similar 
sequences £lx the 'stringent requirements (being compatible 
with the mouse VH and forming an antigen-binding pair) . 
Selecting a human VH using the selected human VL domains 

flff.dggKingchflingf. 

Three selected VX genes were recloned in pUC19-pelB- 
myc for soluble expression as V^X chains. E.colL cells 
harbouring the three light chain plasroids were mixed, 
infected with a phage library of human VHCHt g nes, 
expressed from the fd-tet-OOCl library described arlier 
and the library subj cted to rounds of panning on TNFr 
coated Immune tubes. Clones were picked aft r S rounds. 
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When the titre of eluted phage increased LOO-fold. 
Fifteen out of 20 clones analysed by BstNI fingerprint of 
the ONA insert used one of two pattens (with approximately 
the same frequency) . The IS clones when combining their 
5 heavy chain VHCHl fragments with the VXA2 light chain gave 
stronger phage ELISA signals than when combined with the 
VXC4 or vXdi light chain. Background signals obtained 
with phage displaying the heavy chain VHCHl fragment only 
were similar to the signal of the murine VH-human CHI. 
'0 Sequencing revealed that the two patterns could be 

assigned to three unique human VH sequences (clones 
VHPl/2/3, with clone VHPl having a BstNI fingerprint which 
is nearly identical to that of clone VHP2). Like the , 
selected light chain genes, the selected heavy chain genes 
15 are derived from the same germline VH gene (gerraline DP-Sl 
from the VH3 family, Toralinson et ai,, J, Mol. Biol. 227/ 
pp776-798 1992), with minimal residue differences. The 
selected htunan V-genes were aligned to their closest 
genoline horaologue; identical. residues in the selected 
gene's are . represented by hyphens. Framework 4 of the Vh 
genes was truncated at 4th residue. Clone VHPl was most 
likely a cross-over between OP-!-Sl and a related gerraline, 
DP-47*. All three selected VH-genes had xrelatively short 
C0R3 loops (8, 9 and 10 residueQ) / but shared little 
.homology in this sequence* 

gpegiflgltv of binding of the gelected V-^ene palrst 

A specificity ELISA with KAb32 and soluble ScFv 
fragments on a number of antigens showed that MAb32, its 
ScFv-derivative and three of the humanised TNF-binders (as 
ScFv- fragments) bind specifically to TNF, No significant 
binding was obtained to ELISA plates coated with keyhole 
limpet haemocyanin, ovalbumin, cytochrome C\ bovine serum 
albumin, human thyroglobulin, or 2-phenyloxasol-S-one-BSA 
or to plastic only. Fully humanised clon s were obtained 
which bound to both peptide 301 and TNF. 
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In addition, to show that the human scFv fragments 
compete with the original antibody for binding to TNF^ the 
binding of the scFv constructs in a competition ELISA with 
the Fab fragment derived by proteolytic cleavage of MAb32 
was analysed. Single chain Fv fragments were incubated on 
a TNF-coated surface with increasing amounts of the Fab 
fragment and the amount of bound scFv detected in ELISA- 
Each of the scFv fragments competed with the FabMAb32 for' 
binding to TNF, including both the original scFv-HAb32* and 
the humanised scFv fragments. 

Thus the fine specificity of MAb32 for peptide 301 
of TNF was retained through the huiaanisation process. 
Affinity of binding of the selected V aene pairi?^ 
HAb32 and purified, monomer ic forms of the 
recombinant mouse scFv-MAb32 and the human scFv antibodies 
VHP1-VXA2. VHP2-VXA2 and VHP3-VXA2^ were subjected to 
competition ELISA for the determination of the relative 
affinity for TNF, Antibodies were incubated on a TNF- 
coated surface in the presence of increasing amounts of 
soluble TNF« All the clones showed a roughly similar 
decrease In the ELISA signal over the same range of 
Increasing TNF concentrations (with an ICSO in the lOnH to 
lOOnH range] « 

KAb32 and VHF3VXA2 fragments were, also analysed for 
binding properties using the Pharmacia BZAocre. TNF was 
indirectly inmobilised on the surface, and the binding of 
antibody monitored « On* the TNF surface, the Fab fragment 
from KAb32 by proteolytic cleavage, and the scFv KAb32 
showed very iBiinllar fast off rates (approximately 10* s' 
The hunan VHF3-VXA2 antibody has an off rate in the 
same range as the original scFv-HAb32. On rates for 
antibody protein interactions were in the range seen foe 
the interaction between other proteins and their 
r ceptors, and cover a lOO fold range between 10^ and 10^ 
H'^S'^ (Kasbn O.H. and Williams, A«F., 1986, Kinetics of 
Antibody Reacti ns and. the Analysis f Cell Surfac 



45 

Antigens, BlAckwell, Oxford; Pecht, I.^ 1992 in Sela, 
(ed). Dynamic Aspects of Antibody Function, Academic Press 
Inc., New York, Vol. 6 pp 1-68) • Assuming the on rates of 
the antibody TNF interactions are typical of antibody 
protein interactions, the off rate derived by the BIACore 
analysis is consistent with the affinity indicated by the 
competition ELISA (Kd = 10*^ to 10"®M) , 

Thus, these determinations are consistent with 
scFvMAb32 and the humanised scFv clone VHP3-VXA2 having a 
similar affinity and thus with the retention of affinity, 
as well as specificity, through epitope imprinted 
selection « 
Cong lug iQn 

We have shown that a mouse antibody can be rebuilt 
into a human antibody with the same specificity by the 
process of epitope imprinted selection (EIS}« 

A library of human light chains were shuffled with a 
mouse VH domain, binding combinations selected and then 
used in a second shuffle as ''docking domains'* for a 
llbrazry of human VH genes. Completely human antibodies 
wexre Isolated from such ''genuine'' human library. The 
antibodies were shown to bind retain binding specificity.. 
Altezmativeiy, the nouse VL was used as docking chain for 
selecting human VH partners. Such VH domains cfon be used 
to find human VL genes., or alternatively, can be combined 
with human VL domains selected with the mouse VH domain. 
Indeed, binding activity was obtained by combining two 
independently selected V-genes, pointing towards potential 
additivity of the EIS procedure. 

The CIS approach may eorve to humanise antibodies 
more rapidly than by CDR-grafting (Riechmann et al.^ 1988/ 
supra), as this method requires very often a detailed 
knowledge of the 3-0 structure of the antibddy* However, 
the EIS m thod can be extend d to for xample antibody 
r pertoires obtained. by phag selection from immunised 
rodents « following immunisation with antigen, a 
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repertoire of V-genes with high affinity and specificity 
may be selected and then used In an epitope imprinted 
selection (see example 4) to generate a range of human 
antibodies of high affinity and enriched for the desired 
5 specificity. 



ENHANCEHENT OF TNF- INDUCED TUMOUR REGRESSION BY ANTIBODY 
VHP3-vaA2, THE HUMAN EQUIVALENT OF HAB 32 
BALB/c mice were inoculated with WEHI-164 tumour • 
10 cells as described above. After development of 

subcutaneous tumours the mice were treated daily with TNF 
( 1 or IQng) alone or in combination with purified P3A2 
(SOji) by intraperitoneal injection. Tumour size was ,^ 
measured throughout the course of the treatment period. 
15 Results are shown in figure 35. 

VHP3-VXA2 enhanced the aiiti-tumour activity of TNF 
at both the 1 and lOjig levels. 

CONCLUSIONS 

20 • Mapping of the regions recognised by each of the 

MAba has indicated that MAbs in group I (KAbs 1, 21, 47, 
SA, 37, 32 and 25) as shovm on the schematic diagram bind 
TNF in the region of residues 1-18 with the exception of 
MAbs 37 and 54, while KAbs in group H of the cchematiq 

25 diagram (KAbs 11, 12, S3 and 42) bind TNF in the region of 
residues 70-96 which encompasses a so-called pallendromlc 
loop on the TKF 3-0 structure. KAbs which inhibit the 
induction of endothelial cell procoagulant activity (KAbs 
1, 32, 42, 47, 54 and S3) all bind in the region of 

10 residues 108-128 which again contains a loop structure in 
the 3-D model and may indicate that this region interacts 
with TNF receptors which are found on endothelial cells 
but not tumour cells. MAb 32 which potentiates the in 
vivo tumour regression and anti-viral activity of TNF is 

5 the only antibody which binds all the loop regions 

associated with resldu s i-26, 117-128, and 141-153 and 
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hence binding of these regions is crucial for enhanced tnf 
bioactivity with conconunittant reduction of toxicity for 
normal cells. 

As is apparent from Table 2 MAb 1, 4 7 and 54 have 
5 the same effect on the bioactivity of TNF. From the 
results presented above it is noted that these three 
monoclonals bind to similar regions of the TNF molecule. 
Accordingly, it is believed that a ligand which binds to 
TNF in at least two regions selected from the group 
to consisting predominately of the region of residues 1-20, 
the region of residues 56-77, the region of residues 
108-128 and the region of residues 138-149 will effect the 
bioactivity of TNF in a manner similar to that of MAbs 1, 
47 and 54. Similarly, it is believed that a ligand which 
15 binds to TNF predominately in the regions of residues 1-20 
and 76-90 will have the same effect on the bioactivity of 
TNF as MAb 21. A ligand which binds to TNF predominately 
in the regions of residues 22-40 and 69-97 will have the 
same effect on bioactivity of TNF as MAb 12. A ligand 
20 which binds to TNF predominately in the regions of 

residues 1-30, 117-128, and 141-1S3 would be expected to 
have the same effect on the bioactivity of TNF as HAb 32 
and tL ligand which binds to TKF predominately in the 
regions of residues 22-40, 49-97, 110-127 and 136-153 
25 would be expected to have the same effect on the * 

bioactivity of TNF as MAb 42. A ligand which binds to TNF 
predominately in the regions of residues 22-31 and 146-157 
would be expected to have the saiae effect on the 
bioactivity of TNF as MAb 37 and a ligand which binds to 
30 TNF predominately in the regions of residues 22-40, 69-97, 
105-128 and 135-155 would be expected to have the same 
effect on the bioactivity of TNF as MAb 53, 

The present inventors have quite clearly shown that 
the bioactivity of TNF can be alter d by the binding of a 
35 ligand to th TNF, and that the eff ct on the bioactivity 
is a function of the specificity of th ligand. For . 
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example r the blading of MAb 32 to TNF in the reglona of 
residues 1-26 ^ 117-128 and 141-153 results in the 
induction of endothelial procoagulant activity of the TNF 
and binding of TNF to receptors on endothelial cells being 
inhibited; the induction of tumour fibrin deposition and 
tumour regression activities of the TNF being enhanced; 
the cytotoxicity being unaffected and the tumour receptor 
binding activities of the TNF being unaffected or 
enhanced. It is believed that this effect on the 
bioactivity of the TNF may be due to the prevention of the 
binding of the epitope of the TNF recognised by MAb 32 to 
naturally occurring biologically active ligands. 
Accordingly^ it is believed that a similar effect to that 
produced by MAb 32 could also be produced by a ligand ' 
which binds to a region of TNF in a manner such that the 
epitope recognised by MAb 32 is prevented from binding to 
naturally occurring biologically active ligands^ This 
prevention of binding may be due to steric hindrance or 
other mechanisms . 

Accordingly^ it is intended that the prevention of 
the binding of epitopes recognised by the various 
monoclonal antibodies described herein to nattirally 
occurring biologically active ligands ie within the ecbpe 
of the present invention* 



